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The chemosensory abilities of fishes, are important in order to understand how prey can 
perceive and avoid predators.  Predator-naïve Channel catfish were exposed to four extracts over 
eight sessions (naïve bass water (NBW), bass that were fed catfish water (BFCW), catfish skin 
extract (CS), and naïve bass water paired with catfish skin extract (CO)) to determine whether they 
have an innate predator response to potential chemical cues indicating possible predation risk. 
Movement was quantified as grid squares crossed, directional changes, and tail beats.  Response 
increased during the first minute following stimulus injection and decreased during the second 
minute. Channel catfish increased movement upon exposure to stimuli from NBW, CS and CO but 
not to BFCW.  Increased response to bass odor while habituating to catfish skin extract, which 
presumably contains alarm pheromone, suggests that catfish learned to recognize bass odor without 
external reinforcement. 
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Introduction 
 
A Brief introduction to predator-prey interactions  
 Predator and prey interactions have been intensely studied in aquatic environments 
(31).  Prey species are constantly under threat of predation, which alters their behavior in 
various ways.  Predator avoidance is often costly, and prey that effectively detects 
predators will increase in fitness (30; 45).  Individuals that change behavior through 
learning also increase survival (6).  During the life span of a fish, predators may change, 
prey may move between microenvironements (21), and there can be changes in biotic and 
abiotic pressures (20), which alter perceived risk.   
  
Visual vs. Chemical alarm cues 
 Prey use various temporal and spatial senses to detect predators, but chemical and 
visual cues have been studied the most intensely in aquatic environments (16; 22). 
Predators can easily manipulate the visual cues, by movement and body position to lure 
prey (29; 37). Visual cues require fish to be relatively close to the predator for detection 
(25; 7).  For example, Brown et al. (10) demonstrated that tetras use chemical cues to 
assess predators when visual cues are unavailable. Predator-naïve populations of minnows 
recognize potential predators more rapidly in the presence of chemical than visual alarm 
cues, (9). 
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Chemical alarm cues and prey risk  
 Chemical alarm cues released from damaged fish during a predation event occur in 
many freshwater fish including ostariophysans, which include catfishes (16; 40).  Fish 
have been shown in natural and laboratory experiments to increase shoaling, avoid areas, 
dash, freeze, and show reduce foraging and mating when in the presence of an alarm cue 
(40). 
 When a predator’s diet consists of species that release the alarm pheromone, the 
alarm cue labels the predator as risky to prey fish (14).  Mathis and Smith (35) determined 
that fathead minnows could detect alarm cues in the feces of northern pike that consumed 
minnows or sticklebacks, which also produce the alarm pheromones.  However, minnows 
were unable to detect predator feces when the pike were fed swordtails, which lack the 
chemical alarm cue (8).   
 Most fishes use acquired recognition of predators and chemosensory information to 
learn (16; 40; 6).  Most prey do not initially recognize a predator, but they learn by pairing 
alarm cues with chemical cues of a predator (42; 40). In European minnows, Fathead 
minnows, (34; 35; 15) Brown trout (1) and Common bully (26) one exposure to predator 
chemical cues and a paired alarm cue caused predator recognition. Many experiments have 
examined alarm cues combined with predator chemical cues to assess predation risk.  For 
example, Kusch et al. (28) found that an increase in pike chemical cue concentration 
increased anti-predator response in fathead minnows.   
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Chemical Alarm Cues and Catfish 
 Catfishes tend to inhabit turbid environments and feed at night.  Due to these 
environmental conditions, catfish have vision that is adapted to low light conditions and 
are not well developed for high-resolution vision (33) although Channel catfish Ictalurus 
punctatus have relatively acute vision (17).  Catfish have replaced vision with 
chemoreception as an adaptation to their environment and to avoid visually-oriented 
predators (32; 2; 23; 38). The taste system of catfish is highly developed (11; 13) and can 
detect a 100,000 fold dilution to 10 million-fold dilution change in amino acid tasteant 
concentration (11; 43).  Using chemosensory cues, catfish could gain important 
information about predator diet, hunger status, and attack mode without the need for any 
visual reference, as has been demonstrated in other species, (7; 10).   
 A recent tank study by Fine et al. (18) demonstrated that Largemouth bass 
separated from juvenile Channel catfish by a mesh screen reduced growth, foraging and 
movement in the Channel catfish.  The Channel catfish were potentially exposed to both 
visual and chemical cues from the bass.  Although catfish did not obviously react to bass 
movement on the opposite side of a barrier, visual, lateral line and electrical stimuli were 
not explicitly ruled out.  The goal of the present study was to determine the chemical cues 
that affected catfish behavior in the previous study by focusing on the movement responses 
of catfish to chemical cues extracted from Largemouth bass predators and from skin of 
juvenile Channel catfish. We hypothesized that the chemical stimuli would decrease 
movement in Channel catfish indicating the presence of a predator.     
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Materials and Methods  
Fish collection 
 One hundred and twenty juvenile Channel catfish (Ictalurus punctatus) ranging 
between 15 and 20 cm in total length (TL) were obtained from aquaculture facilities at 
Virginia State University, Petersburg, VA. Four naive Largemouth bass (Micropterus 
salmoides) were caught by hook and line from a quarter hectare pond with no catfish in 
Aylett, VA.  Bass ranged from 26.5 to 36 cm TL, a size capable of consuming juvenile 
channel catfish (27; 39). Both the bass and the catfish were treated with potassium 
permanganate to eliminate any external parasites before experiments.  Catfish were also 
treated with 80 mL of pimafix and 80 mL of melafix daily prior to experimentation to 
ensure healthy fish. The catfish and bass were acclimated for a week under a 14:10 Light: 
Dark cycle and 20 C.    
 
Bass chemical cues 
 Bass were fed earthworms (Lumbricus terrestris) to ensure that no catfish alarm cue was 
present in the feces or urine.  After 24 hours, the bass were transferred to a collection tank 
containing approximately 378 L of aerated but unfiltered water.  Water samples were collected 
after 24 hours and frozen in 50 mL aliquots. Bass were returned to separate tanks and fed Channel 
catfish, with clipped spines, over a week to provide water with potential alarm pheromone.  
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Twenty-four hours after the last feeding, bass were transferred to the collection tank, and water 
samples were collected after 24 hours.   
 
Catfish skin extract 
 Six catfish were killed and weighed.  Skin was removed from both sides of the fish 
and placed into 100 mL of ice water.  Skin area was estimated using its length and the mid-
range width of the skin filet.  The skin sample was homogenized in a blender and filtered 
through cheesecloth to remove any remaining tissue.  The mixture was diluted to 
approximately 2 cm2 of skin per 100 mL of water.  Two cm2 was estimated to the amount 
of tissue that might be damaged in a predation event, (46).   
 
Preliminary observations 
A dye test utilizing six drops of food coloring diluted in 50 mL of water was injected into 
the tank water above the box filter prior to experiments to examine mixing of the 
stimulant.  Dye distributed throughout the tank within 30 seconds although complete 
homogenization required three minutes.  A water control injection was done prior to 
experimentation that indicated no influence of stimulus addition on catfish movement.  
Juvenile Channel catfish tend to move frequently, and preliminary observations of 
individuals indicated little movement, whereas groups of three exhibited normal swimming 
behavior. 
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Trials 
 Trials were conducted in 38 L tanks with a box filter in one corner. A 5 x5 cm grid 
was drawn on the back to allow quantification of catfish movement. Cardboard dividers 
were placed between tanks to keep catfish from seeing each other. Three fish were placed 
in each tank and the experiment commenced after Channel catfish initiated normal feeding 
behavior. Water was changed daily after experiments to control ammonia levels. Tests 
were done in the morning and the schedule for tank observations was alternated each day. 
Fish were fed to satiation three times a week after experiments and excess pellets were 
removed. There were five tanks per stimulus treatment, and treatment tanks were mixed to 
avoid potential location effects.  Chemical cues were injected into the tank water through a 
clear rubber tube above the box filter with a 50 cc syringe followed by 50 mL of water to 
ensure injection of the entire stimulus.  One tube and syringe were designated for each 
stimulus to prevent cross-contamination.  Catfish movement was recorded with a GoPro 
video camera for one minute before and two minutes after stimulus injection into the tank. 
Stimulants included water from naïve bass, water from bass that had been fed catfish, 
catfish skin extract, and a combination of catfish skin extract with naïve bass water.  For 
the final combined stimulus, 25 mL of each stimulus were added so that each experiment 
used 50 mL injections into the tank.  Trials were repeated daily for eight days until fish 
exhibited a stable response.       
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Statistics 
 Catfish movement was quantified by the number of gridlines crossed, directional 
changes, and half cycle tail beats per minute. Movement parameters were measured for 
each individual, and averaged per tank.  A repeated measures analysis of variance with two 
treatment factors: one treatment was time (pre-stimulus and post-stimulus minute 1 and 2), 
and the second treatment factor was stimulus extract (NBW, BFCW, CS, and CO) was run 
across eight days with SAS statistical software. No significance was found between the 
interaction of stimulus and time (Table 1).  The interaction variable was omitted from the 
model for the remainder of analyses. A Tukey least square means analysis was run to 
determine significance between stimulants and between time periods on each day (Tables 
2, 3, and 4).    
 
 
                  
  
 
 
10 
 
  
  
Results 
 
Squares crossed  
 There was a greater response to all stimuli the first minute after injection (post-
stimulus 1, PS1) compared to pre-stimulus (PRE) levels during day 1 and 4 (Figure 1a-b).  
Across all stimuli, movement decreased during the second minute (PS2) (Figure 1c). After 
day 5, there were no significant differences between PRE, PS1, and PS2 (Table 2). 
Responses were greatest for all stimuli on day one and declined over time (Figure 2).  On 
day 1, catfish crossed more squares when exposed to catfish skin extract and naïve bass 
water paired with catfish skin extract. By day 3, catfish skin extract only stimulated more 
movement than bass that were fed catfish.  Day 5 showed catfish skin extract had less 
movement than naïve bass water and bass fed catfish water (Figure 2c).  Naïve bass water 
declined to almost zero squares moved in day 5 and then increased on days 6-8 (Figure 2a 
and Table 2). Day 6 showed that naïve bass water resulted in more squares crossed than 
bass fed catfish water and on day 7 naïve bass water elicited more movement than all other 
stimuli.  The catfish stopped responding to bass fed catfish water after day 4 (Figure 2b). 
 
Directional Changes 
 Across all stimuli, the response in PS1 increased over PRE (Figure 3a-b). 
Movement decreased in PS2 though it was not less than PS1 (Figure 3b-c). After day 3, 
there was no significant difference between PRE, PS1, and PS2 (Table 3). The catfish skin 
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extract caused the greatest response (Figure 3). On day 1, catfish skin extract had the 
greatest number of directional changes.  The next two days, the catfish skin extract was 
larger than bass fed catfish water.  By day 6, naive bass water was larger than bass fed 
catfish water (Figure 3b-c).  The naïve bass water caused an increase in directional changes 
after day 5 that correlates with the increase in squares crossed (Figure 3a) but was not 
greater than naïve bass water paired with catfish skin extract.  The bass fed catfish water 
showed little response in the catfish across the 8 days (Figure 3b).   
 
Tail beats 
 PRE had the greatest response across all stimulants (Figure 5a). Tail beats slowed 
during PS1 in days 7 and 8 (Figure 5b).  Tail beats continued for all 8 days, unlike other 
measures (Figures 5a-c).  Naïve bass water paired with catfish skin extract elicited the 
greatest tail beats through day 5, although there was an overall decrease in tail beats across 
the 8 days. (Figure 6d).  The bass fed catfish water had the lowest tail beats on day 6 
(Figure 6b).  On most days, fish had their noses against the tank wall, which prevented 
movement. 
 
General trends 
 Changes in movement over the eight-day period suggested learning.  In all 
observations, catfish movement varied from day to day (Tables 2, 3, and 4). After initially 
habituating catfish increased reaction to the naïve bass water stimuli but habituated to the 
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other stimulants (Figures 2a, 4a, and 6a). Responses were greatest during the first minute 
following stimulus injection (PS1) except for tail beats (Figures 1b, 3b, and 5b).  Catfish 
skin extract caused the greatest response across all observations (Figures 2c, 4c, and 6c).    
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Discussion 
This study provides further insight into the Channel catfish chemosensory system 
and learning involved in predator recognition.  Atema (3) stated that the olfactory system 
of catfish was an open system where particular cues are learned and the importance of 
those cues was based on context.  Juvenile Channel catfish in this study supported this 
idea.    
Many experimenters have studied the associative learning in predator-prey 
relationships. Previously it was thought that fish recognize predators through associative 
learning by pairing alarm cues with predator cues (16; 42; 34). Most recent research 
indicates that prey can respond to novel predators (26) and can learn a response to 
previously extinct predators (5).  However, Maguran (34) demonstrated that European 
minnows showed a stronger response to pike than to a non-piscivoris cichlids and 
hypothesized that prey may be predisposed to generalize cues that indicate a fish as a 
predator.  This study demonstrated that Channel catfish exhibit anti-predator responses in 
the presence of a novel predator cue and when paired with alarm cues.    
Catfish movement increased in the presence of novel bass predator odor after four 
days of exposure.  Similarly, Brown et al (9) demonstrated that fathead minnows learned to 
recognize the chemical cues of pike within two to four days of stocking in a pond although 
these minnows would have interacted with the pike.   
For all other stimuli, bass fed catfish water, catfish skin extract, and combination, 
movement decreased after the initial injection on day one.  Berejikian et al. (4) found that 
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the initial avoidance response seen in prey fish can decrease through learning.  Mirza and 
Chivers (36) also found that the intensity of learned responses to predator cues decreased 
over time.  A short-term increase in anti-predator behavior in the presence of an alarm cue 
has also been demonstrated (40).  Prey must balance predator avoidance behaviors with 
other activities such as foraging, growth and reproduction (24).  Responding to irrelevant 
stimuli produces significant fitness costs (31), and prey must learn to recognize relevant 
versus non-relevant predator cues.  Since catfish in this study were not reinforced when 
exposed to predator cues, their response decreased to the seemingly irrelevant stimuli.  Fin-
flicking, a type of approach behavior, might serve as a warning signal for conspecifics of 
potential danger (41).  This idea may explain why steady tail flicks was seen throughout 
the eight days across all stimuli; especially in response catfish skin extract and naïve bass 
water.      
Many studies have examined predator diet and its association in predator avoidance 
and learning in prey.  Some studies state the predisposition of prey to learn from predator 
cue is due to the predator’s diet (35; 44).  Chivers and Mirza (14) found that predators are 
labeled as dangerous based on the presence of conspecific alarm cues in predator feces.  
Juvenile Channel catfish in this study demonstrated predator avoidance when exposed to a 
naïve predator, Largemouth bass, regardless of predator diet.  This suggests an innate 
response in catfish to potential predators that is not dependent on the predator’s diet.  In a 
recent study by Formmen et al. (19), sticklebacks showed morphological differences in the 
presence of predator cues.  Predators in this study were fed a diet of invertebrates that lack 
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the alarm cue, which based on previous work, should not have labeled them dangerous to 
the sticklebacks.   
In a study on juvenile Chinook salmon, Berejikian (4) found that the salmon move 
less and remained lower in the water column in the presence of predator cue paired with 
Chinook extract.  He also discovered that the juveniles displayed an innate predator 
response and the response increased when paired with Chinook extract.  Juvenile Channel 
catfish also showed an innate predator response to Largemouth bass that was increased 
when paired with catfish alarm cues.  Movement was typically seen in the lower portion of 
the water column which suggests that it was not a feeding response. 
Fine et al (18) demonstrated that juvenile Channel catfish displayed a freezing 
response in the presence of Largemouth bass.  After a latency period, fish froze for 15-20 
seconds when a largemouth bass ate a catfish.  Channel catfish used in Fine’s experiment 
were not predator naïve and had been in the presence of the largemouth bass for over a 
month with constant visual, chemical, and electrical stimuli.  This could cause the fish to 
show the freezing response that was not seen in this study.   
 In summary, this study suggests that predator naïve juvenile Channel catfish have 
an innate response to predators that can be increased when paired with conspecific 
chemical alarm cues.  Predator diet does not influence this innate response.  Continued 
conditioning is needed in order to keep this predator response, though some fin flicking is 
still seen.  Channel catfish can detect predators using the olfactory system and respond 
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accordingly even when vision is eliminated. Further study should focus on conditioning 
and whether wild fish will also stop responding to alarm cues when no threat is present.    
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Results Figures 
 
 
 
Table 1: 2-way ANOVA test for between subjects effects 
 
Observation 
Source DF Type III SS Mean 
Square 
F Value Pr > F 
Squares moved STIMULUS 3 1270.288101 423.429367 3.57 0.0206* 
 TIME 2 1125.77372 562.88686 4.75 0.0131* 
 
STIMULUS*TIME 6 394.297981 65.71633 0.55 0.764 
 Error 48 5687.93103 118.498563   
Directional changes      
 STIMULUS 3 77.5349583 25.8449861 5.35 0.0029* 
 TIME 2 51.1371717 25.5685858 5.29 0.0084* 
 STIMULUS*TIME 6 23.2921517 3.8820253 0.8 0.5725 
 Error 48 232.042365 4.8342159   
Tail movement        
 STIMULUS 3 17143.09368 5714.36456 8.09 0.0002* 
 TIME 2 20550.42801 10275.21401 14.55 <.0001* 
 
STIMULUS*TIME 6 1774.29521 295.71587 0.42 0.863 
 Error 48 33902.94704 706.3114   
 
* Significance between stimuli and between time periods.  
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Table 2a: Least Squares Means Adjustment for Comparison: Tukey for 
stimulus for squares crossed for all 8 days  
 
 Stimulant Naïve 
Bass (1) 
 Bass 
fed 
Catfish 
(2) 
Catfish 
skin (3) 
Bass + 
Catfish 
(4) 
  Naïve 
Bass (1) 
 Bass 
fed 
Catfish 
(2) 
Catfish 
skin (3) 
Bass + 
Catfish 
(4) 
Day 1 1  0.9953 *0.0329 0.7904 Day 5 1  0.9985 *0.0425 0.6918 
 2 0.9953  *0.0177 0.6519  2 0.9985  *0.0283 0.5914 
 3 *0.0329 *0.0177  0.2432  3 *0.0425 *0.0283  0.3767 
 4 0.7904 0.6519 0.2432   4 0.6918 0.5914 0.3767  
Day 2 1  0.9977 0.5094 0.4202 Day 6 1  *0.0251 0.098 0.1297 
 2 0.9977  0.3997 0.32  2 *0.0251  0.9411 0.8963 
 3 0.5094 0.3997  0.9988  3 0.098 0.9411  0.9992 
 4 0.4202 0.32 0.9988   4 0.1297 0.8963 0.9992  
Day 3 1  0.0605 0.6915 0.9212 Day 7 1  *0.0009 *0.0021 *0.0082 
 2 0.0605  *0.003 0.2246  2 *0.0009  0.9931 0.8845 
 3 0.6915 *0.003  0.3177  3 *0.0021 0.9931  0.9672 
 4 0.9212 0.2246 0.3177   4 *0.0082 0.8845 0.9672  
Day 4 1  0.3312 0.9486 0.9302 Day 8 1  0.2047 0.4456 0.4406 
 2 0.3312  0.124 0.1085  2 0.2047  0.9607 0.9626 
 3 0.9486 0.124  *0.9999  3 0.4456 0.9607  1 
 4 0.9302 0.1085 *0.9999   4 0.4406 0.9626 1  
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Table 2b: Least Square Means Adjustment for Comparison: Tukey for time 
period for squares crossed for all 8 days   
 
 Time 
Period 
PRE (1) PS1 (2) PS2 (3)   PRE (1) PS1 (2) PS2 (3) 
Day 1 1  *0.0139 0.3589 Day 5 1  0.6283 0.8414 
 2 *0.0139  0.2808  2 0.6283  0.3067 
 3 0.3589 0.2808   3 0.8414 0.3067  
Day 2 1  0.1615 0.8144 Day 6 1  0.5749 0.6365 
 2 0.1615  0.4327  2 0.5749  0.1434 
 3 0.8144 0.4327   3 0.6365 0.1434  
Day 3 1  0.1595 0.5715 Day 7 1  0.3719 0.9848 
 2 0.1595  0.6746  2 0.3719  0.4656 
 3 0.5715 0.6746   3 0.9848 0.4656  
Day 4 1  *0.0203 0.47 Day 8 1  0.2762 0.9793 
 2 *0.0203  0.2561  2 0.2762  0.3715 
 3 0.47 0.2561   3 0.9793 0.3715  
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Table 3a:  Least Squares Means Adjustments for Comparison: Tukey for 
Stimulus for direction changes for all 8 days 
 
 Stimulant Naïve bass (1) 
Bass fed 
Catfish 
(2) 
Catfish 
skin (3) 
Naïve 
bass + 
catfish 
(4) 
 Stimulant Naïve bass (1) 
Bass fed 
Catfish 
(2) 
Catfish 
skin (3) 
Naïve 
bass + 
catfish 
(4) 
Day 1 1  0.9999 *0.0002 0.2884 Day 5 1  1 0.8035 0.0649 
 2 0.9999  *0.0002 0.3166  2 1  0.8035 0.0649 
 3 *0.0002 *0.0002  *0.0416  3 0.8035 0.8035  0.3665 
 4 0.2884 0.3166 *0.0416   4 0.0649 0.0649 0.3665  
Day 2 1  0.9941 0.0615 0.5102 Day 6 1  *0.0396 0.1748 0.1284 
 2 0.9941  *0.033 0.3621  2 *0.0396  0.9068 0.9545 
 3 0.0615 *0.033  0.6465  3 0.1748 0.9068  0.9986 
 4 0.5102 0.3621 0.6465   4 0.1284 0.9545 0.9986  
Day 3 1  0.1845 0.1215 0.984 Day 7 1  *0.0064 *0.0054 *0.0551 
 2 0.1845  *0.0004 0.341  2 *0.0064  0.9999 0.8499 
 3 0.1215 *0.0004  0.0545  3 *0.0054 0.9999  0.8199 
 4 0.984 0.341 0.0545   4 *0.0551 0.8499 0.8199  
Day 4 1  0.1256 0.9528 0.9989 Day 8 1  0.3136 0.6662 0.5644 
 2 0.1256  0.326 0.0921  2 0.3136  0.9319 0.972 
 3 0.9528 0.326  0.9078  3 0.6662 0.9319  0.9984 
 4 0.9989 0.0921 0.9078   4 0.5644 0.972 0.9984  
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Table 3b: Least Squares Means Adjustments for Comparison: Tukey for time 
period for direction changes for all 8 days 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Time Period PRE (1) PS1 (2) PS2 (3)   1 2 3 
Day 1 1  0.0304* 0.276 Day 5 1  0.4552 0.9574 
 2 0.0304*  0.5391  2 0.4552  0.6274 
 3 0.276 0.5391   3 0.9574 0.6274  
Day 2 1  0.1761 0.6884 Day 6 1  0.6725 0.5324 
 2 0.1761  0.5905  2 0.6725  0.1404 
 3 0.6884 0.5905   3 0.5324 0.1404  
Day 3 1  0.0452* 0.249 Day 7 1  0.0883 1 
 2 0.0452*  0.6801  2 0.0883  0.088 
 3 0.249 0.6801   3 1 0.088  
Day 4 1  0.2216 0.8311 Day 8 1  0.1984 0.9804 
 2 0.2216  0.5177  2 0.1984  0.274 
 3 0.8311 0.5177   3 0.9804 0.274  
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Table 4a:  Least Squares Means Adjustments for Comparison: Tukey for 
Stimulus for tail movement for all 8 days 
 
 Stimulant Naïve 
bass (1) 
Bass fed 
Catfish 
(2) 
Catfish 
skin (3) 
Bass + 
Catfish 
(4) 
  Naïve 
bass (1) 
Bass fed 
Catfish 
(2) 
Catfish 
skin (3) 
Bass + 
Catfish 
(4) 
Day 1 1  0.9991 *0.063 0.0661 Day 5 1  0.5663 0.9997 0.8308 
 2 0.9991  0.0861 0.0901  2 0.5663  0.6272 0.1506 
 3 *0.063 0.0861  1  3 0.9997 0.6272  0.7801 
 4 0.0661 0.0901 1   4 0.8308 0.1506 0.7801  
Day 2 1  0.6883 0.899 0.0686 Day 6 1  *0.0021 0.9992 0.9041 
 2 0.6883  0.2852 *0.0035  2 *0.0021  *0.0031 *0.0155 
 3 0.899 0.2852  0.2741  3 0.9992 *0.0031  0.9456 
 4 0.0686 *0.0035 0.2741   4 0.9041 *0.0155 0.9456  
Day 3 1  0.1479 0.98 0.9994 Day 7 1  *0.0033 0.0736 0.1764 
 2 0.1479  0.064 0.116  2 *0.0033  0.6576 0.403 
 3 0.98 0.064  0.9931  3 0.0736 0.6576  0.9753 
 4 0.9994 0.116 0.9931   4 0.1764 0.403 0.9753  
Day 4 1  0.998 0.0939 0.0167  1  0.4771 0.8259 0.9998 
 2 0.998  0.063 *0.0103  2 0.4771  0.9357 0.5284 
 3 0.0939 0.063  0.8961  3 0.8259 0.9357  0.8654 
 4 *0.0167 *0.0103 0.8961   4 0.9998 0.5284 0.8654  
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Table 4b: Least Squares Means Adjustments for Comparison: Tukey for time 
period for tail movement for all 8 days 
 
 Time 
Period 
PRE (1) PS1 (2) PS2 (3)   PRE (1) PS1 (2) PS2 (3) 
Day 1 1  *0.0012 0.534 Day 5 1  0.443 0.6497 
 2 *0.0012  *0.0261  2 0.443  0.0963 
 3 0.534 *0.0261   3 0.6497 0.0963  
Day 2 1  *0.0078 0.3158 Day 6 1  0.1546 0.8881 
 2 *0.0078  0.2268  2 0.1546  0.0583 
 3 0.3158 0.2268   3 0.8881 0.0583  
Day 3 1  *0.0207 0.4494 Day 7 1  *0.0017 0.7398 
 2 *0.0207  0.2743  2 *0.0017  *0.0146 
 3 0.4494 0.2743   3 0.7398 *0.0146  
Day 4 1  *0.0693 0.2326 Day 8 1  *0.0052 0.6871 
 2 *0.0693  0.8133  2 *0.0052  0.046 
 3 0.2326 0.8133   3 0.6871 0.046  
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Figure 1: Mean ± SE of grid squares crossed over 8 trial periods A) before injection 
(PRE), B) the first minute after injection (PS1), C) second minute after injection 
(PS2) for four stimulants.  
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Figure 2: Mean ± SE of grid squares crossed over 8 trial periods for A) naïve bass 
extract B) bass that were fed catfish extract, C) catfish skin extract, and D) naïve bass 
extract paired with catfish only extract for three time periods.   
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Figure 3: Sum ± SE of directional changes over 8 trial periods A) before injection 
(PRE), B) the first minute after injection (PS1), C) second minute after injection 
(PS2) for four stimulants  
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Figure 4: Sum ± SE of directional changes over 8 trial periods for A) navie bass 
extract B) bass that were fed catfish extract, C) catfish skin extract, and D) naïve bass 
extract paired with catfish only extract for three time periods.   
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
32 
 
0 
50 
100 
150 
200 
250 
300 
350 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 
Time 
NBW 
BFCW 
CS 
CO 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0 
50 
100 
150 
200 
250 
300 
350 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 
Ta
il 
be
at
s 
Time 
0 
50 
100 
150 
200 
250 
300 
350 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 
time 
A 
 
B 
C 
 
 
33 
 
 
 
Figure 5: Sum ± SE of tail beats over 8 trial periods A) before injection (PRE), B) the 
first minute after injection (PS1), C) second minute after injection (PS2) for four 
stimulants  
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Figure 6: Sum ± SE of tail beats over 8 trial periods for A) navie bass extract B) bass 
that were fed catfish extract, C) catfish skin extract, and D) naïve bass extract paired 
with catfish only extract for three time periods.   
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